ABSTRACT
Rheumatoid arthritis (RA) is a chronic inflammatory disorder that is associated with increased morbidity and mortality due to several metabolic deteriorations. The close association between chronic illnesses and metabolic deterioration has long been recognized. 1 The spectrum of metabolic abnormalities secondary to chronic diseases such as RA is indeed wide. Decreased muscle mass is one of these conditions, and interest has been growing in this issue over the last few years. In regard to low muscle mass, sarcopenia and presarcopenia are two conditions related to each other. Sarcopenia is a syndrome characterized by progressive and generalized loss of skeletal muscle mass and strength with a risk of adverse outcomes such as physical disability, poor quality of life, and death. 2 While sarcopenia diagnosis needs both low muscle mass and low muscle function criteria, presarcopenia was defined as low muscle mass only. 3 Due to the lack of simple clinical, biochemical, or imaging measures, it is still difficult to establish a widely accepted definition of sarcopenia or presarcopenia that is suitable for use in research and clinical practice. Depending on the literature definition used today, even with a conservative estimate, the prevalence of sarcopenia in 60 to 70 year olds has been reported as 5 to 13%. 4 The impact of low muscle mass includes increased morbidity, disability, high costs of health care, and mortality. 2 Although these conditions are primarily affecting the elderly, it is known that, like osteopenia, they can also develop in younger cases and are possibly related to certain conditions such as disuse, malnutrition, or inflammatory diseases. 1 Presarcopenia characterized by low lean mass seems to be reasonable in RA since cytokinedriven hypermetabolism and reduced physical activity may both contribute to the loss of muscle mass. 5 In these patients, presarcopenia may also be considered clinically important due to its potential additional impact on disability. Therefore, this cross-sectional pilot study aims to investigate presarcopenia in female patients with RA and to evaluate its relationship to the disability assessment.
PATIENTS AND METHODS
A total of 40 female patients with RA (mean age 48.3±8.3; range 31 to 66 years) who met American College of Rheumatology 2010 classification criteria and 40 age-and sex-matched healthy controls (mean age 46.2±6.9; range 31 to 58 years) were included in this cross-sectional study, which was conducted between January 2013 to December 2013 at Department of Physical Medicine and Rehabilitation, Medical Faculty of Atatürk University. Since significant differences in adiposity between males and females have been observed in RA, only female patients with RA were included. 6 We excluded patients with prosthetic or metallic elements, infections, anamnesis of trauma, recent surgery, cancer, stroke, pregnancy, or weight over 140 kg. The study protocol was approved by the Medical Faculty of Atatürk University Ethics Committee. A written informed consent was obtained from each subject. The study was conducted in accordance with the principles of the Declaration of Helsinki.
Besides demographic data, patient pain evaluation, which was performed using a 10 cm visual analog scale, and duration of morning stiffness were recorded. RA disease activity was evaluated by using the 28-joint disease activity score (DAS28) (using erythrocyte sedimentation rate). 7 Also, Health Assessment Questionnaire (HAQ), the most commonly used instrument for evaluating functional disability in RA and which was tested and validated for our population, was assessed. 8, 9 Body mass index (BMI) was calculated as body weight divided by the square of height (kg/m 2 ). Erythrocyte sedimentation rate according to Westergren method and C-reactive protein concentration by nephelometry (Beckman Array Protein System, USA) were also recorded.
Body composition and regional fat and lean muscle mass distribution were assessed with whole body dual energy X-ray absorptiometry (DXA; Hologic QDR 2000, Hologic Inc., Bedford, USA). The DXA has been accepted as one of the most commonly used, widely available, and low cost technologies for measuring body composition and muscle mass estimation. It has been reported that it provides valid estimates of appendicular skeletal muscle mass, and skeletal muscle measures with DXA are associated with prevalent and incident physical disability. 10 To define presarcopenia, it is necessary to have a measure of relative muscle mass. Various options to define subnormal values for muscle mass designation have been suggested. 2 Baumgartner et al. 11 calculated the muscle mass of the four limbs from a DXA scan as appendicular skeletal muscle mass (ASM) and defined a skeletal muscle mass index (SMI) as ASM/height 2 (kg/m 2 ) since absolute muscle mass is correlated strongly with height. Since it has been reported that, when defined in this way, muscle mass was independent of ethnicity, age, comorbidity, and health behaviors, we also used this methodology in our study.
We compared the SMI of patients with RA to the controls. Cut off points for presarcopenia depended upon the measurement technique chosen and on the availability of reference studies. In our study, we used the same cut off points as the previous studies, which used young adults as a reference group. 11, 12 With this approach, the cut off values for low muscle mass (ASM/height 2 ; kg/m 2 ) were defined as 5.45 for females. 11 We also investigated possible correlations between SMI, disease characteristics, and HAQ.
Statistical analysis
All the statistical analyses were performed using the IBM SPSS version 20.0 software package program (IBM Corporation, Armonk, NY, USA). The data were analyzed for normality with Kolmogorov-Smirnov test. The independent samples t test, Chi-square test, and Pearson's correlation test were used to analyze the data. Statistical significance was determined as a p value of ≤0.05.
RESULTS
There was no significant difference in the BMI values of patients with RA and the healthy controls. The percentages of obese, overweight, and healthy weight subjects were also similar in the patient and control groups. However, ASM and SMI calculations were found to be significantly lower in patients with RA than in the controls (p<0.05). When the cut off point was considered 5.45, as in the reference group of the previous study that we used, the methodology to define low muscle mass 11 was determined in 20% of patients with RA and in 7% of the controls. The percentage of presarcopenia was found to be significantly higher in patients with RA than in the controls (p<0.05). The demographic data and body compositions of the participants are shown in Table 1 .
Although there were no significant correlations between SMI and age, disease duration, morning stiffness, pain, DAS28 levels, and laboratory investigations, a significant negative correlation was determined between SMI and HAQ score in patients with RA (p<0.05). These correlations are shown in Table 2 .
DISCUSSION
In this study, higher presarcopenia ratios were demonstrated in female patients with RA than healthy individuals. Independent from other disease characteristics, low muscle mass was found to be related to disability in the patients.
Besides the difficulty in defining low muscle mass in the general population, defining it seems to be even more difficult in patients with RA. Definition needs to depend on objective imaging techniques since it is difficult to directly relate the impairment of muscle function to low muscle mass in these patients. DXA is an attractive alternative method both for research and clinical use to distinguish fat, bone mineral, and lean tissues. DXA measurements have been validated against computed tomography and magnetic resonance imaging. 11 On the other hand, using healthy young adults for cut off points for low muscle mass has been recommended. 2 However, there is a lack of generally applicable young-normal values, making 
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Mean±SD p it difficult to quantify the severity of skeletal muscle loss and estimate the prevalence of presarcopenia in healthy and diseased populations. 13 In our study, we used the same cut off points as the previous study, which used young adults as recommended. 11 We also compared the SMI of patients with RA to age, sex, and BMI similar healthy controls. In this way, we demonstrated that muscle mass was lower in patients with RA than their similar matches.
The prevalence of sarcopenia in RA has been reported as different rates in several studies, with one as high as 30%. 5, 6, 14 In our study, we found that 20% of the patients with RA presented presarcopenia, and this rate was significantly higher than the controls. In spite of the difference among the rates in several studies that might be due to many factors, such as the methodology used in defining sarcopenia, ethnicity, and demographic features, previous studies agreed on risk of sarcopenia in patients with RA. Our study supports such findings with results showing significantly higher presarcopenia rates in RA patients versus controls.
The exact mechanisms causing low muscle mass in RA remain undetermined, but they seem to be multifactorial and include increased production of pro-inflammatory cytokines, mainly tumor necrosis factor-alpha and interleukin-1 beta, hormonal changes, oxidative damage, reduced protein synthesis in myocytes, insulin resistance, inadequate protein ingestion, and physical activity limitation. 15 This state may give rise to a vicious cycle of decreased exercise, increased fatigue and weakness, and increased fat mass with implications for comorbidity and mortality. 5 In our study, the majority of RA patients were overweight or obese, except for 13% of the patients with healthy body weight. However, muscle mass of the patients was significantly lower than the controls. It has been reported that sarcopenia in RA may be accompanied by maintenance or elevation of the fat mass, which results in limited or no weight loss. 15 In conditions such as malignancy, RA, and ageing, lean body mass may decrease while fat mass may be preserved or may even increase. This state is called sarcopenic obesity, and thus the relationship between reductions of muscle mass is often independent of body mass. 2 In previous studies, abnormalities in body composition (sarcopenia, overfat, and sarcopenic obesity) were reported to be greater in patients with RA than controls. 16 The adipose tissue is known as a producer of several pro-inflammatory cytokines, such as tumor necrosis factor-alpha, interleukin-6, and interleukin-1, all of which are associated with aging, obesity, and low muscle mass. 5 In our study, we could not demonstrate any significant relationship between muscle mass and disease characteristics, including disease duration, pain evaluation, morning stiffness duration, disease activity, and ages of the patients. In previous studies, there were different results regarding body composition and disease characteristics in RA. 5, 6, 14 Although sarcopenia is primarily a disease of the elderly, it is known that decreased muscle mass may be associated with several conditions other than the aging process, and can also be seen in younger patients, such as those with inflammatory diseases. 10 In the present study, the SMI of the patients with RA was found to be lower than the controls regardless of the ages of the participants. Thus, lower lean muscle mass may be associated with disease itself rather than age profile. Furthermore, disease duration was questioned as another possible related factor to muscle mass in previous studies. Giles et al. 16 reported a higher proportion of unhealthy body composition phenotype in older RA patients with a longer disease duration compared to controls. A significantly higher proportion of unhealthy body composition phenotypes, higher fat mass, and lower lean mass were also reported in female patients with early RA than the controls. 5 Similar results were observed in another study on patients with early RA (<1 year). 17 Disease activity, erythrocyte sedimentation rate, and C-reactive protein levels also showed no correlation with SMI in our study. This may be due to the low or moderate disease activity score profile of the patients. However, Gamboa-Cardenas et al. 18 reported a negative association between trunk to appendicular lean mass ratio and quality of life independent of age, socioeconomic status, rheumatoid factor, disease activity, joint damage, disease duration, and use of steroids in patients with RA. In another study, DAS28 score was positively correlated with fat mass and distribution, and these body composition changes were associated with seropositivity, HAQ, and DAS28 scores, but not with disease modifying antirheumatic drugs and glucocorticoid use which was supported by previous data. 5, 16 Higher C-reactive protein levels in sarcopenic patients with RA have also been reported.
14 Although studies agreed on abnormal body composition in patients with RA, it seems that its proportion varies considerably and depends upon the degree of muscle mass reduction which is considered to be significant and the method used to estimate muscle mass. 19 In our study, we found a significantly inverse correlation between SMI and HAQ scores of the RA patients. This result was in accordance with the previous studies investigating relationships between body composition and disability or muscle performance in patients with RA. 5, 6, 14 Decreased lean mass has also been reported to be associated with decreased level of exercise and may lead to increased insulin resistance and cardiovascular comorbidity in RA patients. 20 Besides the inflammatory nature of the disease, it is also possible that disability could lead to low muscle mass by limiting physical activity, or decreased muscle mass in these patients may subsequently predispose them to impaired ability to perform daily activities. Independent from the cause, reduced lean body mass seems to have an impact on disability in patients with RA.
Contributing to these findings, similar results have been shown in the other patient groups. In a previous study, low muscle mass was found to be associated with functional impairment and disability independent of chronic morbidity, which is a potential risk factor for functional impairment. 21 In studies on the elderly, low muscle mass represented an impaired state of health with high personal mobility disorders, increased risk of falls and fractures, impaired ability to perform activities of daily living, disabilities, loss of independence, and increased risk of death. 2, [22] [23] [24] [25] Low muscle mass was reported to be associated with a three to fourfold likelihood of disability in elderly people, independent of age, sex, obesity, ethnicity, socioeconomic status, chronic morbidity, and health behaviors. 11 Based on increased awareness of muscle mass reduction and its consequences in the general population, prevention methods, such as dietary strategies, lifestyle changes, and exercise regimens, have come into question in the treatment. However, no standardized therapy aimed specifically at that aspect of RA has been proposed, and the effects of the current treatments have not been well studied despite the potential socioeconomic and functional impact on that population. 15 Despite the progress in understanding the molecular mechanisms that lead to muscle atrophy in several situations, rheumatoid sarcopenia/ presarcopenia is still rarely studied. Further studies are needed since better understanding of the mechanisms of modulation between muscle catabolism and anabolism may result in the development of innovative and more effective therapeutic strategies and better quality of life for the patients.
There were limitations in our pilot study investigating presarcopenia in RA. First of all, the definition of low presarcopenia needed to be based on the general definition due to the lack of a specific definition for these patients. Since there is no existing research about the cut off points for presarcopenia in our population, we used the methodology that was reported to be independent from ethnicity. The other limitation was the lack of evaluation of any relationship between drug usage and low muscle mass. Since the disease duration was relatively long in our study group, there was an extremely heterogenic previous drug usage anamnesis. Future studies on homogenous treatment groups may cast light on the results.
By comparing patients with RA to age, sex, and BMI similar healthy controls, finding body composition differences from their matches and its relation to disability may increase the importance of our results. Although several studies have reported associations between muscle quality, mass, and functional impairments in the general population, future studies are needed to establish clinically relevant criteria to define those at relative risk of facing disability and morbidity in patients with RA.
In conclusion, in the present pilot study, we demonstrated higher presarcopenia ratios in patients with RA compared to their age, sex, and BMI similar matches. Also, independent from other disease characteristics, the inverse correlation between SMI and HAQ scores found in our study may contribute to understanding the impact of the process on patient disability. These findings suggest that, in the management of the disease, clinicians should take into account the effect of body composition changes and their potential impact on disability in patients with RA.
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